Twenty accessions of African Yam Bean, grown at the Teaching and Research Farm of Ladoke Akintola University of Technology, Ogbomoso during the cropping seasons of May to November, 2014 and 2015 were assessed for genetic diversity and Genotype × Environment interaction effects on trait performance and their ability to produce tuber. The first six Principal Components jointly explained 70.30% of the total variation among the accessions. Vine length, branching pattern, pod number, pod length, seed number, and seed yield contributed mostly to the observed variations. Seed biometric traits were most variable and contributed 52% of total variation. Variance due to genotype accounted for 54.2%, environment 10.5% and G × E interaction accounted for 30.1% of the interaction sum of squares. Accessions, G2, G4, G47, G49 and G50 produced tubers, while accessions G6, G15, G31, G32 and G33 nodulated extensively. Conversely, there was a marginal reduction in seed yield in accessions that either produced tubers or nodules.
Introduction
The African yam bean is specially suited to lowland conditions; though it can be grown up to 1800 m agro-ecology ranging from savannah to rain forest, provided there is a combination of adequate rainfall (100 cm 3 or more during the growing season) and reasonably good drainage. In the East central state of Nige-ria, yam beans are usually inter planted with yams between April and June and supported on the same stakes as the yams (Okigbo [1] ; GRIN [2] ). The plant is cultivated in parts of Africa (Central African Republic, Zaire, East Africa and Ethiopia) for its potato like spindle-shaped tubers or for its edible seeds (Dalziel [3] ). Generally, African yam bean is grown for tubers in certain areas and for seeds in other locations, with some striking evidence that yield of seeds and tubers are inversely related (Ene-Obong and Okoye [4] ). The seed yield of African yam bean can be as high as 3000 kg/ha (Dukes [5] ). The average seed per plant is between 100 and 200 g and the tuber yield per plant is 0.5 kg (Anochili [6] ). At Nsukka, estimated yield based on at least a mean of 100 stands of two plants each, of four cultivars, alternated with yams on 120 cm rows amounted to about 3025 kg dry seeds per hectare and 1875 kg fresh weight of tubers per hectare (Okigbo [1] ).
African yam bean is one of the endangered African crop species that has immense advantages, especially high nutritional value required in human diet. For instance, African Yam Bean produces both seeds and tubers that are edible. Both seeds and tubers are quite rich sources of protein, carbohydrate and dietary fiber (Ajibade [7] ). The African Yam Bean seed is only second to soybean in its protein content, while the tuber is also rich in carbohydrate and protein. Cropping of African Yam Bean can be seen to maximize the available land area, in the sense that, a typical African Yam Bean plant stand is capable of producing seed and tuber yield at the same time. Therefore, a plant stand serves a dual purpose of producing seeds and tubers. At present, African Yam Bean has been relegated to an unimportant underutilized crop, predominantly grown by the older generation of farmers (Saka [8] ). Despite its land maximization and nutritional benefits, bulk of the genetic resources of this crop are in the hands of these farmers, with little research effort concentrated on improving upon the quantity and quality of its yield, thus threatening its survival (Ekpo [9] ).
African yam bean has immense economic potentials. Besides the production of two major food substances, the value of the protein in both tubers and seeds is comparatively higher than what could be obtained from most tuberous and leguminous crops (Nwokolo [10] ). The tuber of AYB has a protein content that is more than twice that obtainable in sweet potato or Irish potato (NRC [11] ). It is also higher than those in yam and cassava (Amoatey [12] ). Moreover, the amino acid values in AYB seeds are higher than those in pigeon pea, cowpea, and bambara groundnut, while the tubers are known to be rich in starch and protein; dry matter is approximately 35%, of which starch is about 80% and protein about 14%, ranging from 12.5% to 19% for six varieties (Uguru and Madukaife [13] ).
Fundamentally, traits are controlled by genes and the affect of the environment influence on it, although a number of genotypes can adapt to new environments more readily than others (Fu [14] ). The phenotypic data has more polymorphism in genetic diversity and reveal genetic variations indirectly. Because it very difficult to obtain molecular data for a large number of accessions, such [15] ). Principal Component Analysis is a method of data reduction, to clarify the relationship between two or more characters and to divide the total variance of the original characters into a limited number of uncorrelated new variables (Wiley [16] ). This will allow visualization of the differences among the individuals and identify possible groups (Mohammadi and Prasanna [17] ; Aremu et al. [18] ).
The reduction is achieved by linear transformation of the original variables into a new set of uncorrelated variables, known as principal components (AOAC [19] ). Because the principal components are orthogonal and independent of each other, each revealing different properties of the original data, and may be interpreted independently; the total variation in the original data set may be broken down into components that are cumulative (Mohammadi and Prasanna [17] ). The effort of the research work is channeled towards screening for seed, tuber and seed-tuber yielding genotypes, respectively and also identification of traits that contribute majorly to seed and tuber yield in African yam bean. 
Materials and Methods

Experimental Material, Site and Layout
Data Collection and Analysis
Data were collected on the qualitative and quantitative characters, which include growth, reproductive, seed and tuber yield traits of the African Yam Bean. These include; number of days to flowering (estimated as the period between germination and the appearance of first flower), vine length (estimated as length of vine at eight weeks after planting WAP, prior to staking), grain filling period (the onset of pod production will be used to indicate the beginning of grain filling, while the yellowing of pod indicates the cessation of the grain filling period), number of primary (vine) branches (the first set of branches, just at the base), number of secondary (vine) branches (branches developing from the primary branches), number of peduncles per plant (through hand counting), total number of pods per plant (through hand counting), pod length (measured in "cm" through the use of measuring tape), number of seeds per pod (through hand counting), weight of 100 seeds (measured in "g" through the use of sensitive scale), root form (whether root nodule or tuber), number of tubers per plant (through counting), weight of tubers per plant (estimated as the total tuber yield per plant), proximate and mineral analyses of tubers (Laboratory analysis of the tuber dry matter), by using the Kjedhal method as recorded in AOAC, 2005.
Results
Means, Mean Square (MS) and Coefficient of Variation of Characters from 20 African Yam Bean Genotypes
Due to the effects of the different planting seasons, there were significant differences among the characters measured, as reflected in 
The First Six Principal Component Analyses of the 20 African Yam Bean Accessions Studied
From 
Principal Component Analysis
Scores (eigen vector) of the major characteristics describing the first three principal axes are presented in Table 3 . 
Genotypic, Phenotypic and Environmental Coefficients of Variation, Heritability Estimates and Genetic Advance of African Yam Bean Characters
In 
Genotype × Environment Analysis of 20 AYB Accessions Grown in Two Year Environments
Root Form, Number of Tubers, Weight of Tuber and Proximate Analysis of African Yam Bean
Root forms, number of tubers produced, tuber weight and the proximate analyses of the tubers' dry matter, as presented in Table 6 showed that only five accessions (G2, G4, G47, G49 and G50) produced tuber, while accessions G5, G15, G31, G32 and G33 produced root nodules. The highest number of tubers were observed to be produced by G49 (4 tubers), with G4 producing the least (1 tuber). However, average tuber weight is highest for G47 (185 g), whereas G2 has the least average tuber weight of 56.6 g. G47 is seen to have the highest Iron content (0.9 mg/kg). While the crude fibre content of 6.25% was highest, produced by G4, crude protein and Calcium contents were relatively higher in G47 (16.88% and 0.64%) as compared to what was obtained in G2, revealing the least contents of Iron (0.38 mg/kg), crude protein, Crude fibre and Calcium at 8.69%, 4.86% and 0.54% respectively. Conversely, the measured nutritional and mineral parameters (i.e. CP, CF, Ca and Fe) were highest in the nodule root form produced by G32, having the values 17.81%, 7.4%, 0.71% and 1.06 mg/kg respectively. 
Discussion
The significantly wide variations among AYB accessions as reflected by the characters that were measured indicated a rich genetic diversity useful for varietal improvement of the plant. In the eight main principal component axes, the first six axes explained above 70% of total variation in the accessions. Consequently, the use of different measurement techniques can be appropriately used for accession grouping (Bauer et al. [20] ). Highest genetic distance was observed between G1 and G25 accessions. According to Aremu et al. [18] ; Brown-Guedira et al. [21] ; Rahim et al. [22] who showed that the hybrids of accessions with maximum genetic distance resulted in high yield, the cross between these accessions could be used in breeding programs to achieve maximum heterosis in cowpea, soybean and mungbean respectively. Minimum distance was between accessions G50 and G7, which can be explored for backcross breeding programs. Evaluation of genetic diversity can be useful for the selection of the most desirable and efficient accessions. Accordingly, if such effort results in the reduction of diversity, production of plants with higher uniformity may guarantee the production of enough food for the world's increasing population. The highly significant genotypic effect and high heritability values for all the characters, except number of seeds per pod, internodal distance and number of days to pod maturity, is suggestive of the genetic potential in explaining these traits for African yam bean improvement.
Conclusions
Considering the eight main principal component axes, the first six axes ex- accessions, consequently, the use of different measurement techniques can be appropriately used for accession grouping (Bauer et al. [20] ). Highest genetic distance was observed between G1 and G25 accessions. According to Aremu et al. ([18] ), Brown-Guedira et al. ([21] ), Rahim et al. ([22] ) who showed that the hybrids of accessions with maximum genetic distance resulted in high yield, the cross between these accessions could be used in breeding programs to achieve maximum heterosis in cowpea, soybean and mungbean respectively.
High heritability of vine length, number of pods per plant and seed yield per plant indicated that these traits were under genetic control (Mohammadi et al. [23] ). Thus, to improve these traits, breeding programs without progeny testing could be used. This finding is supported by Ojo and Amanze ( [24] ), who reported high heritability in cowpea. Number of primary and secondary branches and also, the internodal distance exhibited lowest heritability and are under environmental control. Improvement of these traits therefore could be achieved through progeny testing. Heritability estimates are usually unique to the population under study, the growing conditions and the experimental design used (Bergman et al. [25] ).
